Abstract
Introduction
Sarcoidosis is a systemic granulomatous disease that primarily affects the lung and lymphatic systems of the body [1] . Disease severity at the time of diagnosis, the number of affected organs, and the future disease course vary widely between patients [2] . The clinical impact of sarcoidosis does not only result from specific organ manifestations and related functional consequences, but also from rather nonspecific symptoms such as fatigue, which is perceived as highly disabling by affected patients. The underlying causes of this complex symptom remain elusive, and functional measures such as exercise capacity and lung function show rather loose associations with fatigue in these patients [3] [4] [5] [6] [7] .
Interestingly, fatigue has recently been linked to objective measures of physical activity in daily life in other chronic lung diseases such as idiopathic pulmonary fibrosis [8] , lymphangioleiomyomatosis [9] , and chronic obstructive pulmonary disease [10] , suggesting that it might also affect physical activity in patients with sarcoidosis. However, studies on objectively measured physical activity in patients with sarcoidosis are rather limited, and the results are conflicting [11, 12] . While one study found physical activity in patients with sarcoidosis and fatigue to be reduced compared to predicted reference values [12] , Saligan [11] was not able to show meaningful differences between obese patients with sarcoidosis and sedentary controls. In chronic lung diseases, established clinical parameters such as exercise capacity and lung function, or patient-reported outcomes such as health-related quality of life and generic quality of life, generally show moderate associations with levels of objectively measured physical activity [8] [9] [10] . However, to the best of our knowledge, those relationships have not yet been investigated in patients with sarcoidosis.
In our study, we aimed to evaluate the relationships between daily physical activity and established clinical assessment parameters in patients with sarcoidosis. Furthermore, we wanted to explore whether fatigue and its different domains are associated with physical activity impairments in patients with sarcoidosis.
Methods

Study Population
We prospectively recruited patients with a proven diagnosis of sarcoidosis that were in follow-up care at the outpatient department for sarcoidosis and interstitial lung diseases at LungenClinic Grosshansdorf. We documented organ involvement (i.e., pulmonary and/or extrapulmonary), chest radiography stages (i.e., 0-IV) for pulmonary involvement, and current treatment. [13, 14] . Functional exercise capacity was assessed by the 6-min walking distance (6MWD) according to previous guidelines [15] .
Physical Activity
We measured physical activity in patients with sarcoidosis for 1 week using the SenseWear Armband (BodyMedia, Inc., Pittsburgh, PA, USA). The armband is worn on the upper left arm over the triceps muscle and incorporates amongst other things a triaxial accelerometer that records the average number of steps per day; those are related to key functional characteristics and quality-of-life measures in chronic obstructive pulmonary disease [10, 16] , asthma [17] , idiopathic pulmonary fibrosis [8] , and lymphangioleiomyomatosis [9] . We instructed the patients to wear the armband 24 h a day, except for the time spent on personal hygiene. We used a wearing time threshold of 94% (22.5 h) to identify valid days of physical activity measurement [16] . A monitoring period of 3-5 days has been shown to deliver reliable estimates of physical activity in free-living adult individuals [18] . In patients with chronic obstructive pulmonary disease of all severity grades, the validity of the measurement period has been evaluated, and a minimum of 5 days was able to achieve an intraclass correlation coefficient >0.8, irrespective of weekdays and disease severity [16] . Therefore, we applied this standardized and widely accepted methodological approach also to this cohort of patients with sarcoidosis. We defined physical inactivity as a daily number of steps <5,000, which is an established cutoff for a sedentary lifestyle [19] .
Health-Related and Generic Quality of Life
The participants completed questionnaires for respiratory disease-specific quality of life (St George's Respiratory Questionnaire [SGRQ]) [20] and generic quality of life (12-Item Short-Form Health Survey ) [21] during the study visit.
Fatigue
We assessed fatigue by the Multidimensional Fatigue Inventory (MFI-20) [22] , a standardized questionnaire that has previously been validated in patients with sarcoidosis [23, 24] . The MFI is a 20-item self-reported questionnaire that covers the following 5 subscales: general fatigue, physical fatigue, mental fatigue, reduced activity, and reduced motivation. Each subscale covers 4 items rated on a 5-point Likert scale with 2 positively and 2 negatively formulated questions. The items are summed to subscale scores ranging from 4 to 20, resulting in a total score ranging from 20 to 100, with higher scores indicating more fatigue [25] . Agespecific norm values were derived from a German general population sample [26] , with the 75th percentile as the cutoff for mild-tomoderate fatigue, and the 90th percentile as the cutoff for severe fatigue, as previously described [27] . We performed bivariate correlations between steps per day and established clinical parameters in patients with sarcoidosis (i.e., FVC, FEV 1 , DLCO, 6MWD, SGRQ, SF-12, and MFI-20), reporting Pearson's correlation coefficient for normally distributed variables, and Spearman's ρ for nonnormally distributed variables. In order to compare the clinical meaning of physical activity and exercise capacity, we performed similar bivariate correlations replacing steps per day with 6MWD. We further explored the distribution of steps per day in relation to quartiles of the clinically most relevant parameters including exercise capacity (i.e., 6MWD), quality of life (i.e., SGRQ and SF-12 [physical health]), and fatigue (i.e., MFI-20 total score and MFI-20 subscore general fatigue). In a final step, we performed separate multivariate linear regression analyses, using steps per day as the dependent variable and significant clinical parameters as predictors, after adjusting for possible confounders (i.e., age, sex, and obesity [BMI ≥30]), and extrapulmonary organ involvement).
Statistical Analysis
According to the prespecified cutoff for physical inactivity (i.e., number of steps <5,000), we then tested the predictive value of the clinically most relevant variables (i.e., 6MWD, as well as SGRQ and SF-12 physical health scores) and also explored the different domains of fatigue (i.e., MFI-20 total score and MFI-20 subscores). Therefore, we calculated the corresponding AUROC curves.
A p value <0.05 was considered to be statistically significant. Data analysis was performed with the Statistical Package for the Social Sciences version 20.0 (SPSS, Chicago, IL, USA).
Results
In total, we enrolled 59 patients with sarcoidosis in this study. We had to exclude 2 patients from the final analyses, due to incomplete physical activity data.
The studied population consisted of 57 patients with sarcoidosis (mean age 50 years, 56% male, mean FVC 91% predicted, mean DLCO 73% predicted) ( Table 1) . Exercise capacity was rather preserved (mean 6MWD 525 m), and 47% of the patients currently did not use any immunosuppressive therapy. The average number of steps per day in our study population was 7,490. The patients with extrapulmonary involvement showed a trend towards fewer steps when compared to those with lung involvement only (7,113 ± 2,614 vs. 8,649 ± 3,865; p = 0.082). The total MFI-20 score indicated mild-to-moderate fatigue in 19%, and severe fatigue in 25% of the patients. Data on the angiotensin-converting enzyme (ACE) titer were available for 23 patients (40.4%) ( Table 1) . Among these patients, the median ACE titer was in the normal range, and only 10 patients (43.5%) had ACE levels >70 IU/L.
On a bivariate level, exercise capacity (i.e., 6MWD), respiratory disease-specific quality of life (i.e., SGRQ score), and generic quality of life (i.e., SF-12 physical Data are presented as mean ± SD, median (IQR), or n (%), depending on the scale and distributional characteristics. Cutoffs for mild-to-moderate and severe fatigue are derived from the 75th and 90th percentiles of the general population in Germany, aged 40-59 years [26] . Data were missing for ACE (n = 34), DLCO (n = 1), SGRQ (n = 5), and SF-12 (n = 4 health score) showed clear associations with steps per day (p ≤ 0.001) ( Table 2 ). The relationships between physical activity and fatigue were less clear, as only the MFI-20 subscales "physical fatigue" and "reduced activity"
showed some weak but statistically significant associations with the number of steps per day (p < 0.05), while the other subscales and the total score did not. Just like physical activity, 6MWD showed robust associations with SGRQ and SF-12 (physical health) scores (p < 0.001), and weak associations with fatigue. In contrast to physical activity, 6MWD was also significantly associated with lung function (i.e., FVC % predicted and DLCO % predicted; p < 0.05) ( Table 2 ).
The distribution of steps per day across the quartiles for 6MWD and SGRQ, SF-12 physical health, and MFI-20 total scores is shown in Figure 1 . The differences in steps per day between the patients in the highest and those in the lowest quartile were statistically significant for 6MWD, SGRQ score, and SF-12 physical health score (p < 0.05), but not for MFI-20 total score (Fig. 1) . For the MFI-20 subscores, we performed similar analyses, and just as for the total score, we did not find any significant differences across quartile categories of steps per day (data not shown).
In the multivariate linear regression analyses adjusting for age, sex, obesity, and presence of extrapulmonary manifestations, using steps per day as the dependent variable, the associations between steps per day and 6MWD, SGRQ score, and SF-12 physical health score remained statistically significant (Table 3) .
6MWD, SGRQ score, and SF-12 physical health score were able to identify physically inactive patients with good diagnostic accuracy (Table 4 ; Fig. 2 ). The MFI-20 subscore "general fatigue" was the only domain of fatigue that was able to identify physically inactive patients, even if only with poor diagnostic accuracy (Table  4 ; Fig. 2 ). Bold type denotes significance. Interpretation: the additional effect of clinical parameters (i.e., exercise capacity and quality of life), independent of confounders (i.e., age, sex, obesity [BMI ≥30], and presence of extrapulmonary manifestations), was tested. Due to skewed distribution, the SGRQ score was log transformed. R 2 change reflects the additional effect of exercise capacity (A: 6MWD), health-related quality of life (B: SGRQ), and generic quality of life (C: SF-12 physical health), beyond the basic confounders. Total R 2 reflects variance explanation of the whole separate regression models, including the effect of confounders. 6MWD, 6-min walking distance; SGRQ, St George's Respiratory Questionnaire; SF-12, 12-Item Short Form Health Survey. 
Discussion
The main findings of our study are that exercise capacity, respiratory disease-specific quality of life, and generic quality of life are significantly associated with physical activity in patients with sarcoidosis. Different domains of fatigue also showed significant associations with physical activity in these patients, but the relationships were surprisingly loose, and fatigue did not reliably detect physically inactive patients.
In sarcoidosis, the presence of exercise limitation may have significant clinical and therapeutic consequences [28, 29] . The self-paced 6-min walk test assesses a submaximal level of functional capacity, and may best reflect daily physical activity levels when compared to other walk tests [15, 30] . In our study, the distance walked in the 6-min walk test was the strongest predictor of physical activity, and identified physically inactive patients with excellent diagnostic accuracy. The close association of exercise capacity and physical activity in our study sample seems to be mainly driven by patients with meaningful reductions of their functional status. In patients with a 6MWD below 480 m (i.e., approx. the 10th percentile of the general population [31] ), the corresponding number of steps per day was as low as 4,700. Therefore, measures of daily physical activity might assist clinicians in the functional evaluation of their patients, and identify those patients that are potentially harmed by their disease. In our study, the average number of steps per day among patients with sarcoidosis was about 7,500, which is very similar to that among patients with mild-to-moderate asthma with comparable demographics (i.e., 7,831), but probably also not significantly reduced when compared to a healthy population (i.e., 8,912) [17] . Most of the patients in our cohort regularly visited our outpatient tertiary care center after an acute onset of sarcoidosis requiring immuno-suppressive therapy and/or for second opinion, and showed minimal impairments of lung function or exercise capacity only. The generally preserved functional status and low disease activity of our study population might explain the rather normal levels of daily physical activity, even though exercise capacity and lung function showed some associations in our study. Relationships between lung function and exercise capacity have previously been reported in other cohorts [32] .
Our results indicate that mild lung functional impairments in patients with sarcoidosis might not have clinically significant negative effects on daily physical activity, despite its consequences being already measurable in exercise tests.
Clinicians taking care of patients with sarcoidosis increasingly recognize changes to health-related and generic quality of life as clinically meaningful assessment parameters [2] . Our study is the first to link these patientreported measures to objective measures of daily physical activity. The average number of steps per day was reduced by more than one-third across the quartiles of SGRQ or SF-12 scores. Furthermore, the associations we found were independent of confounders, indicating a robust relationship. Interestingly, each parameter explained about 25% of the variance of steps per day in patients with sarcoidosis, which is quite remarkable given the number of non-disease-related confounders of physical activity in patients with rather preserved functional status.
In contrast to our initial hypothesis, measures of fatigue showed rather loose and partly inconsistent associations with physical activity in patients with sarcoidosis. Fatigue is a frequent clinical manifestation of sarcoidosis, largely unrelated to measures of exercise capacity and lung function, and often unaffected by immunosuppressive therapy [6, 7, 33] . However, high levels of fatigue have a significant adverse impact on the patient's quality of life [34, 35] . This means that fatigue in sarcoidosis is a complex, unexplained syndrome with large discrepancies when objective and subjective consequences are studied. In patients with otherwise not specified chronic fatigue syndrome, even minor physical exertions increase the fatigue symptoms and lead to a more sedentary lifestyle, suggesting that the same might be true for patients with sarcoidosis [36, 37] . However, in a previous study in patients with sarcoidosis, Korenromp et al. [12] did not find clear differences in physical activity when patients with fatigue were compared with those without fatigue. Looking at the bivariate correlations in our study, the "reduced activity" domain and the "physical fatigue" domain of the MFI-20 in fact were weakly associated with reduced physical activity, supporting the validity of these items. However, the item "general fatigue" was the only domain of the MFI-20 that successfully identified sedentary patients, even though its diagnostic accuracy was relatively poor when compared with the exercise capacity and quality of life assessments. Our findings suggest that in patients with sarcoidosis, fatigue is not the predominant factor associated with physical activity impairment. The presence of milder forms of fa- tigue therefore might not preclude patients from being physically active, although this symptom is subjectively perceived as highly disabling.
Limitations of our study are the rather small size of the sample with a generally rather preserved lung functional status, the lack of ACE titers in the majority of patients, and the fact that we did not use the recently published King's Sarcoidosis Questionnaire as a disease-specific health status assessment, which is currently validated English and Dutch only [38, 39] . In addition, one might argue that the rather loose associations of fatigue and physical activity might be biased by the relatively large proportion of patients that had fatigue scores within the normal range. However, even though the cohort covers the whole spectrum of fatigue, including 25% patients with severe fatigue, we still did not find any significant differences in physical activity between the highest and the lowest quartile of fatigue. Furthermore, the correlation coefficients that we found between fatigue and exercise capacity are comparable to those of other cohort studies [5, 6] , which indicates that our cohort is a representative sample that adequately represents the clinical consequences of the disease. There also might be concerns that in individuals with only mild functional impairments, non-disease-associated factors might increasingly impact daily physical activity, and therefore the measurement period should be prolonged. However, the methodological approach applied in this study is well established in health and disease, and a longer duration might as well result in lower compliance to wear the armband, and consequently a lower number of valid consecutive measurement days.
Conclusion
The results of our study suggest that exercise capacity and quality of life measures are robust and clinically meaningful predictors of daily physical activity in patients with sarcoidosis. In contrast, fatigue showed minor associations with physical activity only, although being perceived as highly disabling by the patients. Therefore, milder forms of fatigue might not preclude patients from being physically active.
